Intracellular proteins of feline immunodeficiency virus and their antigenic relationship with equine infectious anaemia virus proteins
Herman F. Egberink, 1 Joke Ederveen, 1 Ronald C. Montelaro, 2 Nieis C. Pedersen Feline immunodeficiency virus (FIV) grown in cat lymphocyte and thymocyte cultures was labelled with L-[3sS]methionine or [3H]glucosamine and virus-coded proteins were identified using immunoprecipitation. Polypeptides with apparent Mr values of 15K, 24K, 43K, 50K, 120K and 160K were detected. An additional polypeptide of 1 OK was detected by Western blot analysis. The two highest Mr species sometimes appeared as one band, of which only the 120K polypeptide was glycosylated. In the presence of tunicamycin gp 120 was no longer detectable and a nonglycosylated precursor of 75K was found instead. Pulse-chase experiments suggested that the smaller polypeptides p24 and p 15 are cleavage products of both p160 and p50. Western blot analysis using a rabbit serum directed against p26 of equine infectious anaemia virus (EIAV) and an anti-EIAV horse serum from a field case of infection revealed a cross-reactivity with p24 of FIV. Cat sera collected late after experimental FIV infection recognized p26 of EIAV, indicating a reciprocal cross-reactivity.
Recently a lentivirus infection was described as the cause of an immunodeficiency-like syndrome in cats (Pedersen et al., 1987) . The virus can be isolated in lymphocyte cultures from viraemic cats, where it induces syncytia. It contains a reverse transcriptase (RT) with a divalent magnesium cation preference and is morphologically similar to the human immunodeficiency virus (HIV), the lentivirus that causes AIDS in man. Based on its physical, biochemical and morphological characteristics the cat virus was named feline T-lymphotropic lentivirus and is now generally referred to as feline immunodeficiency virus (FIV), although the disease is frequently quoted as 'feline AIDS'.
Well studied members of the animal lentivirus subfamily are equine infectious anaemia virus (EIAV), visna virus (VV) and caprine arthritis-encephalitis virus (CAEV) and sequence homologies between the gag and pol genes of these viruses and HIV have been reported (Stephens et al., 1986) . In addition, a non-reciprocal antigenic cross-reactivity was observed between the gag gene products p24 of HIV and p26 of EIAV. No crossreactivity was detected between VV or CAEV and EIAV or HIV, respectively (Goudsmit et al., 1986) . In a recent study no antigenic relationships between FIV and 0000-9136 © 1990 SGM established lentiviruses HIV-1, HIV-2, simian immunodeficiency virus (SIV), CAEV and VV were detected when antibodies from naturally infected hosts were used (Yamamoto et al., 1988) . However, in a later study rabbit sera to CAEV and VV were found to react with the putative core protein of FIV (Olmsted et al., 1989) . In the present paper, we report on the identification of the intracellular proteins of FIV grown in lymphocyte cultures and the reciprocal heterologous recognition of the major core proteins between FIV and EIAV.
FIV was propagated in thymocytes or peripheral blood lymphocytes from specific pathogen-free cats; the cells were stimulated with concanavalin A (5 Ixg/ml) and recombinant human interleukin-2 (100units/ml), as previously described (Pedersen et al., 1987) . Radioactive label was added to thymoeyte and lymphocyte cultures at 5 and 8 days, respectively, when RT activity was high (1 × 106 to 1"5 × 106 c.p.m./ml). About 2 × 106 viable cells were pelleted, washed once in phosphate-buffered saline (PBS) and resuspended in 1 ml methioninedeficient minimal essential medium (MEM) supplemented with 2~ foetal calf serum. After 1 h, 60 txCi of L-[3SS]methionme was added. The cells were incubated overnight (16 h), pelleted and lysed (Rottier et al., 1981) . [3H]glucosamine were diluted with 300 txl lysis buffer and mixed with 5 ~tl undiluted serum. Immune complexes were allowed to form overnight at 4 °C and subsequently precipitated with formaldehyde-fixed Staphylococcus aureus cells (Pansorbin, Calbiochem) for 45 min at 4°C. The precipitates were washed three times and finally resuspended in Laemmli sample buffer as previously described (Rottier et al., 1981) . The proteins were analysed by SDS-PAGE and visualized by fluorography (Laskey & Mills, 1975) .
As shown in Fig. 1 , the serum from an FIV-infected cat recognized proteins with apparent Mr values of 15K, 24K, 43K, 50K, 120K, and 160K in lymphocyte lysates (lane 1), and these are therefore considered as virusspecific. In contrast to p120 the 160K polypeptide was not always detectable. The 120K protein can be labelled with [3H]glucosamine (lane 5). When FIV-infected lymphocytes were grown in the presence of tunicamycin, an inhibitor of N-linked glycosylation, gp120 was absent and a new polypeptide of about 75K appeared in the gel (Fig. 2) ; these data suggest that p75 is the unglycosylated precursor of gpl20.
The 15K and 24K proteins probably represent core proteins with their 50K precursor (gag gene products) and evidence for this assumption came from pulse-chase experiments. Cells were pulse-labelled with L-[3SS]methionine for 30 min, washed with PBS, incubated further at 37 °C in RPMI medium containing 10% foetal calf serum and twice the amount of methionine, and chased for various periods of time. During a 0.5 to 4 h chase period the intensity of the 50K band decreased, whereas the intensity of both the 24K and 15K bands increased (Fig. 3) . In HIV a highly glycosylated precursor protein (gpl60) is processed to yield an outer membrane protein of 120K and a transmembrane protein of 41K (Veronese et al., 1985) . In the pulse-chase experiment the 160K band was only faintly visible during the first 30 min of the chase period and specific processing products were not detected. We therefore assume that the p160 polypeptide is a translational readthrough product of the gag-pol gene (Jacks et al., 1988) . Preliminary results obtained with monoclonal antibodies directed against the 50K and 24K proteins indicated that the p160 polypeptide coprecipitates in radioimmunoprecipitation assays~ The decrease in intensity of gp!20 during the chase may be due to release of the protein from the cells.
The 43K species is considered to be the transmembrane protein (env gene product). In contrast to the gp41 protein of HIV, the 43K protein of FIV in lymphocytes could not be labelled with Our search for an antigenic relationship between the FIV-specific proteins and those of established lentiviruses focused on EIAV, which had not been included in an earlier comparative study (Yamamoto et al., 1988) . When using a rabbit immune serum directed against the p26 of EIAV (Hussain et al., 1988) ELISAs were performed to examine the reaction of homologous and heterologous sera with the proteins of gradient-purified EIAV and FIV. Electrophoresis and transfer of the proteins to nitrocellulose filters was performed as previously described (Zhou et al., 1988) . The nitrocellulose filters were blocked with PBS contain-. . . . ing 0-5~o pig skin gelatin and 0.1 ~o Triton X-100 (blot buffer), The antisera and the horseradish peroxidaseconjugated anti-IgG were diluted in blot buffer and incubations were performed for 1 h. The protein bands were visualized using 4-chloro-l-naphthol as a chromogen. As shown in Fig. 4 , the anti-FIV cat serum recognized the 24K and 15K proteins and an additional minor protein of about 10K. The latter protein, presumably another cleavage product of the gag gene product precursor was not detectable in L (Fig. 1) . The high Mr proteins were not visualized, p r o b a b l y due to loss o f the knobs from the virion m e m b r a n e during purification and their poor transfer during blotting (Saah et al., 1987) . The EIAV-specific proteins were recognized by homologous horse serum. Both the r a b b i t anti-p26 E I A V and the cat a n t i -F I V serum recognized the p26 o f E I A V . Also, the r a b b i t and horse a n t i -E I A V sera recognized the p24 of F I V , which indicates a two--way cross-reactivity. W h e n sera from serial bleedings of cats experimentally infected with F I V were used in i m m u n o b l o t t i n g it a p p e a r e d that recognition of p26 o f E I A V occurred only after 14 weeks p.i., whereas the homologous reaction was visible from 6 weeks p.i. onward. These observations suggest that the epitopes conserved between F I V and E I A V are not i m m u n o d o m i n a n t and prolonged exposure to the immune system is required for antibodies to develop. The r a b b i t serum recognized some additional proteins in both the F I V -and E I A V -c o n t a i n i n g lanes, the specificity of which is presently under study. Based u p o n the serological cross-reactivity at the gag gene protein level it was proposed to distinguish two groups within the Lentivirinae subfamily, one group including VV, C A E V a n d p l e u r o p n e u m o n i a virus of sheep, and the second group comprising HIV, SIV and E I A V ( G o u d s m i t et al., 1986) . Based on our results F I V should be included in the second group. Also, the major core antigen of the bovine immunodeficiency virus (Van der M a a t e n et al., 1972) is recognized by the r a b b i t anti-E I A V p26 serum (M. J. M. Koolen, u n p u b l i s h e d observations). The F I V -E I A V relationship reported above has been established i n d e p e n d e n t l y in another laboratory ( S t e i n m a n et al ., 1990) .
